Objective Infective endocarditis (IE) continues to be associated with high mortality. The aim of the present study was to identify prognostic predictors for short-term mortality in patients with IE. Methods We conducted a retrospective study of 119 consecutive patients with IE (mean age 58±17). Prognostic predictors for mortality at the early phase of admission were determined using a multivariate regression analysis, and a receiver operating characteristic (ROC) analysis was carried out to evaluate the predictive ability. Results Eleven of 119 patients died during hospital admission. In this non-survivor group, the clinical parameters at the time of admission, including serum creatinine (Cr), the estimated glomerular filtration rate (eGFR), the red blood cell count, the white blood cell count, the serum CRP level and heart rate, differed significantly from those observed in the survivors (all; p<0.05). According to a logistic regression analysis, an increase in log-serum Cr per one standard deviation (odds ratio=2.18, 95%CI=1.08-4.41) and a decrease in log-eGFR per one standard deviation (odds ratio=0.51, 95%CI=0.26-0.98) were significantly associated with in-hospital death. The area under the ROC curve for serum Cr to predict the outcome was 0.80, the sensitivity was 64% and the specificity was 85% at a cut-off value of 1.16 mg/dL. For eGFR, the area under the ROC curve was 0.77, the sensitivity was 64% and the specificity was 86% at a cut-off value of 47.5 mL/ min./1.73 m 2 . Conclusion Mild renal dysfunction at the time of admission is an important predictor of early phase mortality in patients with IE.
Introduction
The clinical impact of infective endocarditis (IE) is continually changing with alterations in population age distribution, the development of preventive strategies and diagnostic procedures and advances in treatment. However, IE is still associated with high mortality during the early and midterm follow-up. In fact, the mortality rate of IE was reported to be 15% in a 1980s cohort (1) , and the rate remained at 10-28% during the 1990-2000s (2) (3) (4) . Several clinical parameters have been reported to be associated with increased mortality in patients with IE. White blood cell (WBC) numbers (3), renal failure (5-7), a bicuspid aortic valve (8) , staphylococci infection (9, 10) and diabetes mellitus complications (7, 11) have been reported to be related with mortality in patients with IE. However, it is unclear how these prognostic indicators of IE change with transitions in the clinical features of this disorder. Moreover, few papers have so far investigated the prognostic predictors of IE after hospital admission in Japan. Hence, the aim of this study was to identify prognostic predictors during the early phase of hospitalization in patients with proven IE.
Materials and Methods

Patients
Between June 1997 and May 2011, 119 adult patients (age " 20 years) admitted to the Iwate Medical University Hospital and fulfilling the Duke criteria for definitive IE (12) were enrolled in this study. The hospital is a tertiary medical center comprising an intensive care unit for severe circulatory failure and a cardiac surgical unit. IE cases were referred from peripheral hospitals within Iwate and its adjacent prefectures. When patients were admitted more than twice, data from the first admission were used in this analysis. Patients receiving hemodialysis before the onset of IE were excluded from the analysis. The estimated glomerular filtration rate (eGFR) was calculated using a previously published Japanese formula (13) .
Study design and data collection
A retrospective cohort design was employed on the basis of a medical chart review. The following data from the early phase of admission (within 48 hours) were obtained: anthropometric measures, medical history, time required for diagnosis, vital signs, New York Heart Association (NYHA) class, symptoms, comorbidities, laboratory data, microbiological examination data, echocardiographic findings and complications, including embolic events after admission. The main outcome for the study was in-hospital death due to IE-related events (stroke, septic shock and heart failure).
Statistics
Statistical comparisons between the survivor and nonsurvivor groups were made using the unpaired t-test (parametric data) or Mann-Whitney's U-test (non-parametric data). Categorical variables were analyzed using the chisquare test. Hypertension was defined as a systolic blood pressure " 140 mmHg and/or a diastolic blood pressure " 90 mmHg and/or the use of antihypertensive medication. Diabetes was ascertained by detecting a non-fasting glucose concentration " 200 mg/dL and/or an HbA1c value " 6.5% and/or the use of anti-diabetic agents, including insulin. To identify prognostic predictors, a multivariate logistic regression analysis was used. The independent variables entered into this analysis were chosen by statistical tests that showed the differences between the two groups (p<0.1). Skewed variables, such as serum Cr, serum CRP and eGFR, were log transformed. To evaluate the predictive ability for mortality, a receiver operating characteristic (ROC) analysis was performed. All analyses were performed using the SPSS software package (Chicago, IL, USA), and a p value of < 0.05 was considered to be statistically significant.
Results
Patient characteristics
The mean age of the patients was 58±17 years, and 71 subjects (60%) were men. The number of overweight patients (BMI " 25) was relatively small (n=15), and the mean BMI was 21.3±3.4 (kg/m 2 ). The percentage of subjects of NYHA class "III was 27%, and only 2% (two cases) had an impaired left ventricular function (ejection fraction ! 40%). Hypertension was present in 38 patients (32%). The number of patients with diabetes mellitus was 16 (13%), and five patients were on insulin therapy (4%). Seven patients (6%) had a history of IE, and 14 patients (12%) had a history of surgical intervention for valvular heart disease. Central venous devices including pacemakers, were present in four patients (3%). A history of dental procedures was found in 36 patients (30%), while a history of other procedures, such as gynecological and urological manipulation, was present in less than 5% of patients.
Outcomes
Eleven of the 119 patients (9%) died during hospitalization due to IE-related events: intracerebral hemorrhage in four cases, septic shock in four cases and advanced heart failure in three cases. No patients died due to other causes during hospitalization. Ninety of the 119 patients (76%) were eligible for surgical intervention, which was undertaken after admission at a median interval of 15 days.
Survivors and non-survivors
As shown in Table 1 , there were no significant differences in age, sex, BMI or the prevalence of hypertension or diabetes between the survivor and non-survivor groups. At the time of hospitalization, 11 patients were administered glucocorticoids empirically for fever of unknown origin. There were no differences in the outcomes between the use and non-use of these agents (p=0.07). When the fever and general malaise were assumed to mark the onset of IE, the median delay between onset and diagnosis of IE was 19 days.
In terms of the clinical severity of heart failure (NYHA) at the time of hospitalization, there were no significant differences in the severity between the two groups. The systemic blood pressure levels in the non-survivors did not differ significantly from those observed in the survivors. The average heart rate (HR) on admission was significantly higher in the non-survivors than in the survivors (98±19 vs. 81±16 bpm; p<0.01: Table 1 ). The mean WBC count (×10 3 ) in the cohort was 9.4±5.3/μL, with the mean in survivors being significantly lower than that observed in the nonsurvivors (8.9±5.2 vs. 14.0±4.8/μL; p=0.002). The prevalence of systemic inflammatory response syndrome (SIRS) was not significantly different between the two groups (21% vs. 45%; p=0.13). The mean red cell number (×10 4 ) was 359±70/μL in the cohort, with the mean in the non-survivors Renal arterial thrombosis was found in three surviving patients due to their clinical manifestations, including sudden flank pain and CT examination findings. However, the presence of this type of complication was not confirmed in the non-survivors.
Positive blood cultures were obtained in 76 cases (64%) of the whole cohort, with no significant differences between the survivors and non-survivors (62% vs. 81%; p=0.32). The most common causative microorganism was streptococci species (30%), followed by staphylococci aureus (22%), enterococci (4%), fungi (2%) and others (6%). There were no significant differences in the species of the microoganisms between the two groups.
Valvular vegetation was detected on either transthoracic or transesophageal echocardiography in 104 patients (87%), with no significant differences between survivors and nonsurvivors (87% vs. 91%; p=0.60). Vegetation was noted on the mitral valve in 57 patients (48%), the aortic valve in 46 patients (39%), the tricuspid valve in two patients (2%) and other sites in seven patients (6%). There were no significant differences in the valvular lesions between the two groups. The valvular lesions included mitral regurgitation in 87 patients (73%), aortic valve regurgitation in 57 patients (48%), tricuspid valve regurgitation in 29 patients (24%), aortic valve stenosis in nine patients (8%) and mitral valve stenosis in four patients (3%). The mean left ventricular ejection fraction was 64±10% in the survivors and 64±11% in the non-survivors (p=0.90).
Prognostic predictors
Several laboratory and clinical parameters measured at the time of admission were compared between the survivors and non-survivors ( Table 1) . The serum Cr level, eGFR, red blood cell count, WBC count, the serum CRP level and HR differed significantly between the survivors and nonsurvivors (all; p<0.05). In addition, the prevalence of steroid use before admission and the positive rate of staphylococci in blood cultures were marginally significant factors (p<0.1). All of these parameters were entered into a multivariate logistic regression model (model 1, with log serum Cr; model 2, with log eGFR) to identify significant short-term predictors (Table 2) . In model 1, log serum Cr per 1 standard deviation (SD) was the only significant predictor of the prognosis (odds ratio 2.18, 95% CI 1.08-4.41, p=0.03). In model 2, log eGFR per 1SD was the only significant independent variable (odds ratio=0.51, 95%CI=0.26-0.98, p=0.04).
In addition, a ROC analysis was performed to determine the predictive ability of the serum Cr level with respect to the outcome. The area under the ROC curve for this parameter was 0.80 (95% CI 0.72-0.87), the sensitivity was 64% and the specificity was 85% at a cut-off value of 1.16 mg/dL. For eGFR, the area under the ROC curve was 0.77 (95% CI 0.61-0.94), the sensitivity was 64% and the specificity was 86% at a cut-off value of 47.5 mL/min./1.73 m 2 ( Figure) .
Discussion
The prevalent age of patients with IE at our institution is around 58 years. In a previous paper published in the 1980s, the mean age of patients with IE was 20-30 years (14) . More recently, Nakatani et al. reported the most common age of IE patients to be 50-60 years (15) , which is consistent with our results. In fact, when age was compared between our patient groups before and after 2005, a significant difference was found (54±16 vs. 60±14 years; p<0.05). This suggests that the age distribution of IE patients may shift to the later decades along with the increasing aging of the population. The rate of positive blood cultures was 64% in the present cohort, with Streptococci being the main causative microorganisms (47% of positive blood cultures). This result is consistent with a nationwide survey conducted in Japan three decades ago (15) . However, these results differ from the United States and European data (2) . In these countries, Staphylococcus aureus is the most frequent cause of IE. As this causality is generally related to intravenous drug use, health care contact or invasive medical procedures, it may be that these conditions are less frequently present in the Japanese population.
The in-hospital mortality rate in the present cohort was 9%. This rate is relatively low compared to that of previous reports (3, 14, 15) . This more favorable prognosis may be due to several reasons. In this study, the positive rate of Staphylococcus aureus in blood cultures was relatively low, and isolation of this microorganism has a significant impact on in-hospital death (16) . Furthermore, according to several previous reports (17, 18) , early surgical intervention was previously encouraged in our institution before the validation of early valvular surgery for patients with IE. As our hospital is the tertiary referral center for the surrounding 100 km area within the province, several severe cases with high mortality risk may not have been transferred from local medical facilities.
In terms of clinical predictors during the early phase of admission, renal functional parameters, such as the serum Cr level and eGFR, were found to be significant predictors of outcomes in the present study. Several previous reports have demonstrated that the complications of diabetes and prosthetic valves are important predictors of poor outcomes during IE. The percentages of these particular clinical characteristics were relatively low in the present cohort. The most common causative microorganism was Streptococcus species, followed by Staphylococcus species in our study. IE caused by Staphylococcus species and Enterococcus species was associated with poor outcomes and a high risk for systemic embolization (19) . However, in this study, the culture results were not significant factors in predicting outcomes. This may be due to early surgical intervention with the appropriate use of broad-spectrum antibiotics in the present cohort. It has been reported that congestive heart failure and a reduced left ventricular ejection fraction are significant prognostic predictors of IE (20) , yet this was not confirmed in our results. This inconsistency may be due to the inclusion of only two patients in our IE cohort with an ejection fraction of less than 40% and to the use of prompt medical and surgical management during the early phase of admission.
Several previous reports have demonstrated that renal involvement in patients with IE is significantly related to mortality (5, 21, 22) . In fact, although renal abnormalities in patients with IE have been reported to be common (22, 23) , there is little research into the relationship between renal dysfunction and prognosis. Several reports have suggested that patients with serum Cr levels greater than 1.5 or 2.0 mg/dL are at high risk for in-hospital mortality (6, 7) . Although these results may be consistent with the findings of the present analysis, few reports have so far undertaken any detailed examinations of the threshold and predictive abilities, such as the sensitivity and specificity of renal functional parameters, for IE-related death. The present study suggests that the serum Cr level and eGFR are useful predictors of the short-term prognosis (area under ROC analysis >0.75) and may retain optimal sensitivity and specificity for identifying IE patients at high risk of in-hospital death.
The reasons for the direct relationship between renal dysfunction and short-term mortality remain on the basis of the present study. However, several possible explanations for renal dysfunction in IE patients may be delineated as follows. It has previously been reported that the genetic mechanism underlying renal dysfunction in patients with IE is focal and diffuse glomerulonephritis caused by immune complex deposition. However, this type of renal involvement may not progress rapidly to a fatal outcome. It may also be possible that the use of nephrotoxic antibiotics, such as aminoglycosides, for septicemia impairs the renal function, yet this would be unlikely given that the present data were obtained at the time of hospital admission before the intensive use of such agents. Recently, cardiorenal syndrome has been proposed to be a pathophysiological connection between the heart and kidneys (24) . The etiological basis of IE is a precipitator of type 5 cardiorenal syndrome. Abnormalities in the cardiac function are also common in patients with sepsis, and this type of syndrome activates cytokines, which may raise the risk of advanced heart failure and systemic embolism, including stroke and septic shock, with these being the main causes of death in patients with IE.
Limitations
Several limitations were associated with the present study. First, the total number of patients was relatively small, and the event rate for mortality was low compared to that of previous reports. Second, our research was conducted retrospectively, and data on all clinical parameters were obtained via medical chart reviews. Third, the data were collected only from a tertiary referral hospital and may have been subject to referral bias. Patients transferred to a specialized heart center tend to be more complex cases and often require cardiac surgical intervention. Finally, the serum Cr levels are affected not only by the renal filtration function, but also by skeletal muscle volume and gender, and eGFR was determined using a previous published formula only. To establish the exact threshold level of renal dysfunction relative to the outcome, sex-specific analyses or more accurate tests, such as isotope clearance, with a prospective design are necessary.
Conclusion
Mild renal dysfunction at the time of admission is an important predictor of cardiovascular death in patients with IE. These findings suggest that cardiorenal interaction may play an important role in the deterioration of IE.
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